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(57) The present invention is to provide a method for
arranging receiving unit sets and the like, with which the
interference resistance can be improved. An arranging
method includes: a step of arranging a first receiving unit
set 31 including one or more first receiving units that re-
ceive a positioning signal transmitted from a terminal de-
vice 5 whose position is to be identified, at a first position;
a step of arranging a second receiving unit set 32 includ-
ing one or more second receiving units that receive the
positioning signal, at a second position; and a step of
arranging shielding members 41 to 43 for changing a
propagation distance of the positioning signal such that
a received strength of the positioning signal that is re-
ceived by the first and second receiving unit sets 31 and
32 matches a received strength of the positioning signal
that is received by the first and second receiving unit sets
31 and 32 in a case in which the first and second receiving
unit sets 31 and 32 are arranged in real space apart from
each other by a predetermined distance that is longer
than a distance between the first position and the second
position.
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Description

Technical Field

[0001] The present invention relates to a simulation apparatus, a receiving apparatus, a simulation method, an ar-
ranging method, and a program.

Background Art

[0002] Conventionally, positions of terminal devices such as smartphones have been identified while suppressing a
deterioration in the position measurement accuracy due to temporal variations in the transmission and reception sensitivity
of the terminal devices and receivers by receiving a positioning signal transmitted from the terminal devices at two or
more positions (see Patent Document 1, for example).

Citation List

Patent Document

[0003] Patent Document 1: WO 2020/080314

Summary of Invention

Technical Problem

[0004] In free space where reflections of a positioning signal do not occur, the position of a terminal device can be
identified with high accuracy by receiving a positioning signal at two or more positions as described above. On the other
hand, in real space, a positioning signal transmitted from a terminal device may be reflected by floors, walls, ceilings,
and the like and received. Such multipath can then cause interference in the received positioning signal, and the inter-
ference can degrade the accuracy of the position of the terminal device. For example, even though a terminal device is
far from a receiver, the terminal device may be determined as being near the receiver because linear waves and reflected
waves of the positioning signal strengthen each other.
[0005] Furthermore, in the case of receiving a positioning signal at two positions to identify the position of the terminal
device that transmitted the positioning signal, the position can be identified with higher accuracy if the two receiving
positions are away from each other. However, in real space, an ideal arrangement of the receivers may not be feasible
due to constraints caused by objects already in place, wiring restrictions, and other factors.
[0006] The present invention was made in view of these circumstances, and it is an object thereof to make it possible
to acquire the range in which the position of a terminal device can be identified, while taking into account interference
caused by multipath of a positioning signal. It is another object thereof to realize more accurate identification of the
position of a terminal device, with a more compact configuration.

Solution to Problem

[0007] In order to realize at least one of the above-mentioned objects, an aspect of the present invention is directed
to an arranging method including: a step of arranging a first receiving unit set including one or more first receiving units
that receive a positioning signal transmitted from a terminal device whose position is to be identified, at a first position;
a step of arranging a second receiving unit set including one or more second receiving units that receive the positioning
signal, at a second position that is different from the first position; and a step of arranging a shielding member for changing
a propagation distance of the positioning signal such that a received strength of the positioning signal that is received
by the first and second receiving unit sets matches a received strength of the positioning signal that is received by the
first and second receiving unit sets in a case in which the first and second receiving unit sets are arranged in real space
apart from each other by a predetermined distance that is longer than a distance between the first position and the
second position.
[0008] By utilizing this configuration, it is possible to receive a positioning signal as if the first and second receiving
unit sets were arranged apart from each other by the predetermined distance, in spite of the first and second receiving
unit sets being arranged apart from each other by a distance that is shorter than the predetermined distance. Accordingly,
it is possible to realize more accurate identification of the position of the terminal device, with a more compact arrangement.
[0009] In order to realize at least one of the above-mentioned objects, an aspect of the present invention is directed
to a simulation method including: a step of accepting a distance parameter indicating a distance in real space between
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a first position and a second position that is different from the first position, with respect to identification of a position of
a terminal device whose position is to be identified based on a strength difference of a positioning signal that is transmitted
from the terminal device and that is received by each of a first receiving unit set arranged at the first position and including
one or more first receiving units and a second receiving unit set arranged at the second position and including one or
more second receiving units; and a step of acquiring, using the distance parameter, a relationship between the strength
difference and smallest and largest values of a distance from the position of the terminal device to the first position, the
distance being identifiable using the positioning signal, while taking into account interference caused by multipath of the
positioning signal.
[0010] By utilizing this configuration, it is possible to acquire a relationship between the range in which the position of
the terminal device can be identified and the strength difference, while taking into account interference caused by
multipath of the positioning signal. For example, it is possible to determine a distance parameter in a receiving apparatus
that identifies the position of the terminal device, by using this result.
[0011] Furthermore, an aspect of the present invention is directed to a simulation apparatus including: an accepting
unit that accepts a distance parameter indicating a distance in real space between a first position and a second position
that is different from the first position, with respect to identification of a position of a terminal device whose position is to
be identified based on a strength difference of a positioning signal that is transmitted from the terminal device and that
is received by each of a first receiving unit set arranged at the first position and including one or more first receiving
units and a second receiving unit set arranged at the second position and including one or more second receiving units;
and an acquiring unit that acquires, using the distance parameter, a relationship between the strength difference and
smallest and largest values of a distance from the position of the terminal device to the first position, the distance being
identifiable using the positioning signal, while taking into account interference caused by multipath of the positioning signal.
[0012] By utilizing this configuration, for example, it is possible to determine a distance parameter in a receiving
apparatus that identifies the position of the terminal device.
[0013] Furthermore, an aspect of the present invention is directed to a receiving apparatus including: a planar shielding
member for changing a propagation distance of a positioning signal transmitted from a terminal device whose position
is to be identified; a first receiving unit set arranged on the side of a first face of the planar shielding member and including
one or more first receiving units that receive the positioning signal; and a second receiving unit set arranged on the side
of a second face that is different from the first face of the planar shielding member and including one or more second
receiving units that receive the positioning signal.
[0014] By utilizing this configuration, the position of the terminal device is identified using a strength difference of a
positioning signal that is received by each of the first and second receiving unit sets, and thus it is possible to realize
more accurate identification of the position of the terminal device, with a more compact arrangement of the first and
second receiving unit sets. It is also possible to identify which side of the planar shielding member the terminal device
is located on.
[0015] Furthermore, an aspect of the present invention may be directed to the receiving apparatus further including:
a first shielding member arranged so as to surround the first receiving unit set; and a second shielding member arranged
so as to surround the second receiving unit set, wherein the first and second shielding members each have an opening
portion.
[0016] By utilizing this configuration, it is also possible to adjust the received strength at the first and second receiving
unit sets so as to be consistent with the predetermined distance parameter, by using the first and second shielding
members.
[0017] Furthermore, an aspect of the present invention may be directed to the receiving apparatus, wherein the first
receiving unit set and the second receiving unit set are arranged at different positions in a plane direction of the planar
shielding member.
[0018] By utilizing this configuration, for example, it is possible to realize more accurate identification of the position
of the terminal device.
[0019] Furthermore, an aspect of the present invention may be directed to the receiving apparatus further including
an identifying unit for identifying the position of the terminal device based on a strength difference of the positioning
signal received by each of the first receiving unit set and the second receiving unit set.

Advantageous Effects of Invention

[0020] With the arranging method and the receiving apparatus according to an aspect of the present invention, it is
possible to realize more accurate identification of the position of a terminal device, with a more compact configuration.
With the simulation apparatus, the simulation method, and the program according to an aspect of the present invention,
it is possible to acquire a relationship between a strength difference of a positioning signal that is received by each of
the first and second receiving unit sets and a range in which the position of a terminal device can be identified, while
taking into account interference caused by multipath of the positioning signal.
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Brief Description of Drawings

[0021]

FIG. 1 is a block diagram showing the configuration of a simulation apparatus according to an embodiment of the
present invention.
FIG. 2 is a flowchart showing an operation of the simulation apparatus according to the embodiment.
FIG. 3 is a diagram showing an example of an arrangement of first and second receiving unit sets according to the
embodiment.
FIG. 4 is a diagram showing an example of a relationship between the strength difference of radio waves and the
distance from a terminal device to a receiving unit set according to the embodiment.
FIG. 5 is a diagram showing an example of a relationship between the strength difference of radio waves and the
distance from the terminal device to the receiving unit set according to the embodiment.
FIG. 6A is a diagram showing an example of a relationship between the strength difference of radio waves and the
range in which the position of the terminal device can be identified according to the embodiment.
FIG. 6B is a diagram showing an example of a relationship between the strength difference of radio waves and the
range in which the position of the terminal device can be identified according to the embodiment.
FIG. 6C is a diagram showing an example of a relationship between the strength difference of radio waves and the
range in which the position of the terminal device can be identified according to the embodiment.
FIG. 6D is a diagram showing an example of a relationship between the strength difference of radio waves and the
range in which the position of the terminal device can be identified according to the embodiment.
FIG. 6E is a diagram showing an example of a relationship between the strength difference of radio waves and the
range in which the position of the terminal device can be identified according to the embodiment.
FIG. 7 is a schematic diagram showing the configuration of a receiving apparatus according to the embodiment.
FIG. 8A is a schematic diagram showing an example of the configuration of the receiving apparatus according to
the embodiment.
FIG. 8B is a schematic diagram showing an example of the configuration of the receiving apparatus according to
the embodiment.
FIG. 9 is a schematic diagram showing an example of the external appearance of a computer system according to
the embodiment.
FIG. 10 is a diagram showing an example of the configuration of the computer system according to the embodiment.

Description of Embodiment

[0022] Hereinafter, a simulation apparatus, a receiving apparatus, a simulation method, an arranging method, and a
program according to the present invention will be described by way of an embodiment. The constituent elements and
steps denoted by the same reference numerals in the embodiment described in the following embodiment are similar
or corresponding constituent elements and steps, and thus a description thereof may not be repeated. The simulation
apparatus and the simulation method according to this embodiment acquire a relationship between the strength difference
of a positioning signal that is received by each of the first and second receiving unit sets and the range from the position
of the terminal device to the position of the receiving unit set, the range being identifiable using the positioning signal.
The arranging method and the receiving apparatus according to this embodiment can identify the position of the terminal
device with the same accuracy as when the first and second receiving unit sets are arranged further apart from each
other, in spite of the first and second receiving unit sets being arranged more compactly.
[0023] FIG. 1 is a block diagram showing the configuration of a simulation apparatus 1. The simulation apparatus 1
includes an accepting unit 11, a storage unit 12, an acquiring unit 13, and an output unit 14.
[0024] First, a first receiving unit set 31 and a second receiving unit set 32 that receive a positioning signal transmitted
from a terminal device 5 whose position is to be identified will be described with reference to FIG. 3. The first and second
receiving unit sets 31 and 32 receive the positioning signal in order to identify the position of the terminal device 5. In
FIG. 3, the first receiving unit set 31 includes one or more first receiving units 51 and is arranged at a first position. The
second receiving unit set 32 includes one or more second receiving units 52 and is arranged at a second position. The
first position and the second position are different positions. From the viewpoint of realizing more accurate identification
of the position of the terminal device 5, the first receiving unit set 31 preferably includes multiple first receiving units 51,
and the second receiving unit set 32 preferably includes multiple second receiving units 52. As shown in FIG. 3, for
example, the first receiving unit set 31 may include four first receiving units 51, and the second receiving unit set 32 may
include four second receiving units 52, but the number of receiving units included in each of the first and second receiving
unit sets 31 and 32 may be one to three, or five or more. The receiving units 51 and 52 included in the first and second
receiving unit sets 31 and 32 can acquire the radio wave strength of the positioning signal.



EP 4 332 623 A1

5

5

10

15

20

25

30

35

40

45

50

55

[0025] The terminal device 5 that transmits the positioning signal may be, for example, a portable information terminal
with communication functions, such as a smartphone, a tablet terminal, a PDA (Personal Digital Assistant), a laptop
computer, a transceiver, or other device dedicated to transmitting a positioning signal. In this embodiment, a case will
be mainly described in which the terminal device 5 is a smartphone.
[0026] If the first receiving unit set 31 includes multiple first receiving units 51, the first position may be, for example,
the position of the center of gravity of the multiple first receiving units 51. More specifically, the positions of the centers
of gravity of the first receiving units 51 may be identified, and the position of the center of gravity of the identified positions
of the multiple centers of gravity may be taken as the first position. The same applies to the second position of the second
receiving unit set 32.
[0027] The positioning signal may be, for example, pulse waves transmitted intermittently or continuous waves trans-
mitted continuously. More specifically, the positioning signal may be a signal transmitted according to Bluetooth (regis-
tered trademark), a wireless LAN (IEEE802.11), IEEE802.15.4 such as ZigBee (registered trademark), or other wireless
communication standards. The positioning signal that is a Bluetooth signal may be, for example, a Bluetooth Low Energy
(BLE) signal or a Bluetooth BR (Basic Rate)/EDR (Enhanced Data Rate) signal. The radio wave frequency of the
positioning signal is not particularly limited, but may be, for example, in the range of 300 MHz to 300 GHz. The positioning
signal may be transmitted by broadcast or unicast, for example. From the viewpoint of being able to transmit the positioning
signal without identifying the communication partner, it is suitable for the signal to be transmitted by broadcast.
[0028] The positioning signal transmitted from the terminal device 5 is received by each of the first receiving unit set
31 and the second receiving unit set 32, and the position of the terminal device 5 is identified based on a strength
difference of the received positioning signal. For this identification of the position, see Patent Document 1 above. The
strength difference of the positioning signal may be, for example, a difference in the received signal strength indicator
(RSSI) of the positioning signal. If the first and second receiving unit sets 31 and 32 each include two or more receiving
units, the strength difference may be, for example, a difference between representative values of the multiple received
signal strengths acquired by the two or more receiving units in each of the first and second receiving unit sets 31 and
32. The representative values may be, for example, an average value, a median value, or the like. If the first and second
receiving unit sets 31 and 32 each include two or more receiving units, the two or more receiving units are preferably of
equal performance. For example, the gains of the antennas of the two or more receiving units included in the first receiving
unit set 31 or the second receiving unit set 32 are preferably the same.
[0029] As indicated by the broken arrows in FIG. 3, the first and second receiving unit sets 31 and 32 may receive
both linear waves and reflected waves of the positioning signal. The reflected waves are, for example, radio waves of
the positioning signal reflected off a wall, a floor, a ceiling, or other scattering reflectors 7 present in real space. If both
linear waves and reflected waves are received in this manner, interference is caused by multipath of the positioning
signal. As will be described later, the acquiring unit 13 acquires a relationship between the strength difference and the
range of the distance from the position of the terminal device 5 to the position of the first receiving unit set 31, that is, to
the first position, the range being identifiable using the positioning signal, while taking the interference into account as
well. In this example, the waves are taken as linear waves and reflected waves for the sake of convenience, but may
be understood as waves that are transmitted over the shortest distance and those that are not.
[0030] The accepting unit 11 accepts a distance parameter indicating a distance in real space between a first position,
which is the position of the first receiving unit set 31, and a second position, which is the position of the second receiving
unit set 32, with respect to identification of the position of the terminal device 5 based on a strength difference of the
positioning signal that is received by each of the first receiving unit set 31 and the second receiving unit set 32. FIG. 3
shows this distance parameter as D. If the actual distance between the first and second receiving unit sets 31 and 32
in real space is equal to the distance parameter of the first and second receiving unit sets 31 and 32, there are no later-
described shielding members arranged so as to surround the first and second receiving unit sets 31 and 32. On the
other hand, if such shielding members are arranged, the actual distance and the distance parameter are different from
each other. The distance parameter that is accepted by the accepting unit 11 is typically input by the user of the simulation
apparatus 1. The user may repeatedly input different distance parameters to determine the distance parameter, for
example. Then, the multiple distance parameters may be sequentially accepted by the accepting unit 11.
[0031] The accepting unit 11 may accept information input from an input device (i.e., a keyboard, a mouse, a touch
panel, etc.) or may receive information transmitted via a wired or wireless communication line, for example. The accepting
unit 11 may or may not include a device (i.e., an input device, a communication device, etc.) for acceptance. The accepting
unit 11 may be realized by hardware or by software such as a driver that drives a given device.
[0032] Information that is used by the acquiring unit 13 to acquire a relationship between the strength difference and
the range of the distance from the position of the terminal device 5 to the first position, the range being identifiable using
the positioning signal, such as a formula that is used to acquire the range, for example, may be stored in the storage
unit 12. There is no limitation on the procedure in which information is stored in the storage unit 12. For example,
information may be stored in the storage unit 12 via a recording medium, information transmitted via a communication
line or the like may be stored in the storage unit 12, or information input via an input device may be stored in the storage
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unit 12. The storage unit 12 is preferably a non-volatile recording medium, but may alternately be realized by a volatile
recording medium. The recording medium may be, for example, a semiconductor memory, a magnetic disk, an optical
disk, or the like.
[0033] The acquiring unit 13 acquires, using the distance parameter accepted by the accepting unit 11, a relationship
between the strength difference of the positioning signal received by the first and second receiving unit sets 31 and 32
and the smallest and largest values of the distance from the position of the terminal device 5 to the first position, the
distance being identifiable using the positioning signal, while taking into account interference caused by multipath of the
positioning signal. Details of the acquisition of this relationship will be described later.
[0034] The output unit 14 outputs the result of the acquisition by the acquiring unit 13, that is, the relationship between
the strength difference and the smallest and largest values of the distance from the position of the terminal device 5 to
the first position. This output may be, for example, display on a display device (i.e., a liquid crystal display, an organic
EL display, etc.), transmission to a given device via a communication line, printing by a printer, accumulation in a recording
medium, or delivery to another constituent element. The output unit 14 may or may not include a device (i.e., a display
device, a communication device, etc.) for output. The output unit 14 may be realized by hardware or software such as
a driver that drives such a device.
[0035] Next, the relationship between the strength difference acquired while taking into account interference caused
by multipath of the positioning signal and the distance from the terminal device 5 to the first receiving unit set 31 will be
described. In this embodiment, as shown in FIG. 3, a case will be mainly described in which the distance from the terminal
device 5 to the first receiving unit set 31 is shorter than the distance from the terminal device 5 to the second receiving
unit set 32, that is, the first receiving unit set 31 is a near-side receiving unit set.
[0036] First, the influence of interference caused by multipath will be described with reference to FIG. 4. In FIG. 4, a
graph 101 shows a relationship between the strength difference calculated without taking interference into account and
the distance between the near-side receiving unit set and the terminal device 5, and a graph 102 shows a relationship
between the strength difference calculated while taking into account interference caused by multipath and the distance
between the near-side receiving unit set and the terminal device 5. The black circles indicate experimental values that
show the results of experiments conducted in environments where interference can occur. The error bars indicate a
range of 62σ. As can be seen from FIG. 4, the graph 102 is more consistent with the experimental values than the graph
101. Accordingly, it can be seen that it is appropriate to take interference into account. When there is an influence of
interference, there will be a width in the distance to the terminal device 5 that transmits a positioning signal, as shown
in the graph 102 in FIG. 4. For example, in FIG. 4, if the strength difference of the positioning signal at the first and
second receiving unit sets 31 and 32 is 8 dBm, the distance between the first receiving unit set 31 and the terminal
device 5 may be shorter than 100 cm or about 150 cm. If this is not taken into account when arranging the first and
second receiving unit sets 31 and 32, the terminal device 5 may be incorrectly identified as being nearby even though
it is far away, or conversely, the terminal device 5 may be incorrectly identified as being far away even though it is nearby.
Therefore, it is preferable to acquire the width of the distance to the terminal device 5 when there is an influence of
interference. The acquiring unit 13 of the simulation apparatus 1 acquires the width.
[0037] FIG. 5 is a graph showing a relationship between the strength difference of the positioning signal and the
distance between the near-side receiving unit set and the terminal device 5, as with FIG. 4. A graph 201 in FIG. 5 shows
a relationship between the strength difference calculated without taking interference into account and the distance
between the near-side receiving unit set and the terminal device 5, and a graph 202 shows a relationship between the
strength difference calculated while taking into account interference caused by multipath and the distance between the
near-side receiving unit set and the terminal device 5. When there is an influence of interference, there are positions
where linear waves and reflected waves (i.e., interference waves) strengthen and weaken each other, and thus the
graph 202 has ranges where the strength difference is larger and ranges where it is smaller than in the graph 201, but
the graph 202 is within the range between a graph 203 on the lower end side and a graph 204 on the upper end side.
The graph 202 takes into account interference caused by only one reflected wave, but, if two graphs serving as the
boundaries that are a graph on the lower end side and a graph on the upper end side regarding all graphs taking into
account interference caused by multipath can be identified, it will be possible to acquire, for each strength difference,
the smallest and largest values of the distance from the position of the terminal device 5 to the first position, the distance
being identifiable using the positioning signal. Hereinafter, a method for identifying the two graphs serving as the bound-
aries will be specifically described. It is sufficient that all graphs taking into account interference caused by multipath,
which show a relationship between the strength difference and the distance from the position of the terminal device 5
to the first position, are included between the two graphs serving as the boundaries. Accordingly, the two graphs serving
as the boundaries are preferably graphs that indicate the smallest and largest values at each distance (i.e., each value
on the horizontal axis) on all graphs taking into account interference caused by multipath, but, as long as all graphs
taking into account interference caused by multipath are included between the two graphs serving as the boundaries,
they may be graphs that indicate boundaries close to the smallest and largest values.
[0038] As shown in FIG. 3, if the distance from the terminal device 5 to the first receiving unit set 31 arranged at the
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first position is L and the distance between the first receiving unit set 31 and the second receiving unit set 32 arranged
at the second position is D, the strength difference of the positioning signal calculated without taking interference into
account is as shown in the following formula. In the formula, the received strength difference is taken as p. 

[0039] On the other hand, when interference is taken into account, the received strength difference p is as shown in
the following formula. In the formula, λ is the wavelength of radio waves of the positioning signal, and S is a parameter
regarding interference. Hereinafter, this parameter S may be referred to as an "interference parameter". In this example,
it is assumed that the length of the propagation path of reflected waves to the first receiving unit set 31 is (L2+S2)1/2.
The influence of reflected waves is not taken into account for the second receiving unit set 32. This is because it is the
first receiving unit set 31 on the near side that is most affected by reflected waves. 

[0040] This formula can be transformed to the following formula. 

[0041] First, the smallest value of the distance from the position of the terminal device 5 to the first position will be
examined. That is to say, the lower boundary of graphs regarding a relationship between the received strength difference
and the distance from the position of the terminal device 5 to the first position will be examined. This lower boundary is
the boundary that is located on the lower side of all of transformed graphs obtained by transforming the graph 202 shown
in FIG. 5 by changing the interference parameter S. That is to say, at each distance, the values of all of transformed
graphs obtained by transforming the graph 202 by changing the interference parameter S are greater than or equal to
the value of the lower boundary. In order to examine this lower boundary, it is sufficient to examine the case in which
the cosine is set to -1 in the right side of Formula (1). If the cosine is set to -1 in the right side of Formula (1), the following
formula is obtained. 

[0042] As described above, the graph serving as the lower boundary may exist on the lower side of the graph shown
in the above formula, and thus a relationship between the received strength difference p and the distance L including
the graph serving as the boundary is as shown in the following formula. It may be said that what is shown in the following
formula is the relationship between the received strength difference p and the distance L that is less than or equal to
the lower limit when the interference parameter is S. 

[0043] Since the argument of the cosine in Formula (1) is 0 or more, if the cosine is -1, the argument of the cosine
has to be greater than n, as follows. 

[0044] This inequality can be transformed to the inequality on the left side in the following formula. Since the wavelength
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λ is a real number greater than 0, the inequality on the right side in the following formula holds.

[0045] Furthermore, this inequality showing the relationship between the received strength difference p and the distance
L that is less than or equal to the lower limit when the interference parameter is S can be transformed to the following
formula. 

[0046] Furthermore, 1/(λL) >1/S2 is obtained from S2>λL. Accordingly, if the received strength difference p and the
distance L satisfy the following formula, the above-mentioned formula is also satisfied, and thus the following formula
is used to obtain the lower boundary. The following formula is an inequality showing a relationship between the received
strength difference p and the distance L including the graph serving as the lower boundary, which holds for all interference
parameters S. 

[0047] This formula can be rewritten as follows. 

[0048] Furthermore, if the received strength difference p and the distance L satisfy the following formula, the above-
mentioned formula is also satisfied, and thus the following formula is used to obtain the lower boundary. 

[0049] This inequality can be rewritten as follows.

[0050] Accordingly, if the distance D and the wavelength λ are fixed, the relationship between the received strength
difference p and the distance L that is less than the lower limit, that is, the relationship that cannot hold between the
received strength difference p and the distance L is as shown in Formula (2). The graph showing the relationship between
the distance L and the received strength difference p, with the inequality sign in Formula (2) changed to an equal sign,
is the graph serving as the lower boundary.
[0051] Next, the largest value of the distance from the position of the terminal device 5 to the first position will be
examined. That is to say, the upper boundary of graphs regarding a relationship between the received strength difference
and the distance from the position of the terminal device 5 to the first position will be examined. This upper boundary is
the boundary that is located on the upper side of all of transformed graphs obtained by transforming the graph 202
shown in FIG. 5 by changing the interference parameter S. That is to say, at each distance, the values of all of transformed
graphs obtained by transforming the graph 202 by changing the interference parameter S are less than or equal to the
value of the upper boundary. In order to examine this upper boundary, it is sufficient to examine the case in which the
cosine is set to 1 in the right side of Formula (1). If the cosine is set to 1 in the right side of Formula (1), the following
formula is obtained. 
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[0052] As described above, the graph serving as the upper boundary may exist on the upper side of the graph shown
in the above formula, and thus a relationship between the received strength difference p and the distance L including
the graph serving as the boundary is as shown in the following formula. It may be said that what is shown in the following
formula is the relationship between the received strength difference p and the distance L that is greater than or equal
to the upper limit when the interference parameter is S. 

[0053] This formula can be transformed to the following formula. 

[0054] The right side of this formula is 21/2 or less. Accordingly, if the received strength difference p and the distance
L satisfy the following formula, the above-mentioned formula is also satisfied, and thus the following formula is used to
obtain the upper boundary. The following formula is an inequality showing a relationship between the received strength
difference p and the distance L including the graph serving as the upper boundary, which holds for all interference
parameters S. 

[0055] This formula can be transformed to the following formula. 

[0056] If the distance D is fixed, the relationship between the received strength difference p and the distance L that is
greater than or equal to the upper limit is as shown in Formula (3). The graph showing the relationship between the
distance L and the received strength difference p, with the inequality sign in Formula (3) changed to an equal sign, is
the graph serving as the upper boundary.
[0057] In this manner, the formula with the inequality sign in Formulas (2) and (3) changed to an equal sign can identify
two graphs serving as the boundaries between which all graphs showing a relationship between the received strength
difference p and the distance L between the near-side receiving unit set and the terminal device 5, no matter what value
the interference parameter S may take. FIGS. 6A to 6E are diagrams showing the graphs serving as the boundaries. In
FIGS. 6A to 6E, a graph 301 shows a relationship between the strength difference calculated without taking interference
into account and the distance between the near-side receiving unit set and the terminal device 5. A graph 302 is the
lower boundary, a graph 303 is the upper boundary, and a graph 304 shows a relationship between the strength difference
calculated while taking into account interference caused by multipath corresponding to a given interference parameter
S and the distance between the near-side receiving unit set and the terminal device 5. The value of the interference
parameter S gradually increases from FIG. 6A to FIG. 6E. As can be seen from the graphs in FIGS. 6A to 6E, even if
the graph 304 is drawn while changing the interference parameter S, the graph 304 is always sandwiched between the
graph 302 serving as the lower boundary and the graph 303 serving as the upper boundary in close proximity. Accordingly,
it can be seen that the graphs 302 and 303 serving as the boundaries are properly obtained. The graphs 302 and 303
are graphs when a given distance D and a given wavelength λ are set. With the graphs 302 and 303 serving as the
boundaries, it is possible to identify, for each strength difference, the smallest and largest values of the distance from
the position of the terminal device 5 to the first position, the distance being identifiable using the positioning signal. For
example, it can be seen that, if the strength difference is 20 dBm, the position of the terminal device 5 that is located in
the range where the distance L is from about 40 to 140 cm can be identified. Accordingly, the relationship between the
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strength difference of the positioning signal and the smallest and largest values of the distance from the position of the
terminal device 5 to the first position, the distance being identifiable using the positioning signal, which is acquired by
the acquiring unit 13, may be two graphs serving as the boundaries shown in FIG. 6A, for example. More specifically,
the acquiring unit 13 may acquire two graphs serving as the boundaries by substituting the distance parameter D accepted
by the accepting unit 11 and the wavelength λ of the positioning signal set in advance in the storage unit 12 for the
formulas with the inequality signs in Formulas (2) and (3) changed to equal signs, which are stored in the storage unit
12. The graphs 302 and 303 in FIG. 6A show that, for example, if a strength difference of 20 dBm or more is used to
identify the position, the position of the terminal device 5 at a distance L of about 140 cm or more will not be identified
and the position of the terminal device 5 at a distance L of about 40 cm or less can be reliably identified. Therefore, if
the first and second receiving unit sets 31 and 32 are arranged according to the distance parameter corresponding to
the graphs 302 and 303, and processing according to the identification of the position of the terminal device 5 (i.e.,
processing of unlocking a door, processing of enabling purchase of a product from a vending machine, etc.) only in the
case in which the received strength difference of the positioning signal received by the receiving unit sets is 20 dBm or
more, the processing is reliably performed when the terminal device 5 is within about 40 cm from the first receiving unit
set 31, and the processing is not performed when the terminal device 5 is not within about 140 cm from the first receiving
unit set 31. In order to perform such control, a threshold value regarding the received strength difference may be identified
using the relationship between the strength difference and the smallest and largest values of the distance from the
position of the terminal device 5 to the first position, the distance being identifiable using the positioning signal, which
is acquired by the acquiring unit 13.
[0058] In this example, the formulas are calculated using a two-wave model in which linear waves and reflected waves
cause interference as a model for interference caused by multipath, but it will be appreciated that the formulas may be
calculated using other models.
[0059] Furthermore, in this example, the case was described in which the relationship between the strength difference
of the positioning signal and the smallest and largest values of the distance from the position of the terminal device 5 to
the first position, the distance being identifiable using the positioning signal, is expressed in the form of graphs serving
as the boundaries, but there is no limitation to this. For example, if the user inputs a strength difference p along with the
distance parameter D, the strength difference p may also be accepted by the accepting unit 11, and the acquiring unit
13 may calculate the smallest and largest values of the distance from the position of the terminal device 5 to the first
position, the distance being identifiable using the positioning signal, by substituting the distance parameter D, the strength
difference p, and the wavelength λ for the formulas with the inequality signs in Formulas (2) and (3) changed to equal
signs. In this case, the acquiring unit 13 identifies only the smallest and largest values of the distance corresponding to
a specific strength difference, that is, the strength difference accepted by the accepting unit 11.
[0060] Furthermore, in this example, the case was described in which two graphs serving as the boundaries are
calculated using the formulas with the inequality signs in Formulas (2) and (3) changed to equal signs, but the two graphs
serving as the boundaries may be other than those described above, and the two graphs serving as the boundaries may
be identified by methods other than using formulas. For example, the graph 202 in FIG. 5 is a graph in the case in which
the interference parameter S is a specific value, but the graph 202 changes in accordance with a change in the interference
parameter S. Accordingly, the graph connecting the smallest values at the respective distances among the local minimum
values of the graph 202 when the interference parameter S is varied from 0 to a sufficiently large value corresponding
to infinity may be identified as the graph serving as the lower boundary (i.e., the graph corresponding to the graph 302),
and the graph connecting the largest values at the respective distances among the local maximum values of the graph
202 when the interference parameter S is varied from 0 to a sufficiently large value corresponding to infinity may be
identified as the graph serving as the upper boundary (i.e., the graph corresponding to the graph 303). In this case, the
graphs serving as the boundaries can be identified without using Formulas (2) and (3).
[0061] Next, an operation of the simulation apparatus 1 will be described with reference to the flowchart in FIG. 2.
[0062] (Step S101) The accepting unit 11 determines whether or not it has accepted a distance parameter. If it has
accepted a distance parameter, the procedure advances to step S102, or otherwise the processing in step S101 is
repeated until a distance parameter is accepted.
[0063] (Step S102) The acquiring unit 13 acquires, using the distance parameter accepted in step S101, a relationship
between the strength difference of the positioning signal received by each of the first and second receiving unit sets 31
and 32 and the smallest and largest values of the distance from the position of the terminal device 5 to the first position,
the distance being identifiable using the positioning signal, while taking into account interference caused by multipath
of the positioning signal. The acquisition of this relationship may be, for example, acquisition of two graphs serving as
the boundaries using Formulas (2) and (3) as described above. The acquisition of graphs serving as the boundaries
may be, for example, acquisition of an image showing the graphs serving as the boundaries.
[0064] (Step S103) The output unit 14 outputs the relationship acquired in step S102 between the strength difference
and the smallest and largest values of the distance. This output may be, for example, display of the graphs serving as
the boundaries. The procedure returns to step S101.
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[0065] In the flowchart in FIG. 2, the processing ends at power off or at an interruption of termination processing.
[0066] Next, an example of a method for arranging the first and second receiving unit sets 31 and 32 and the like using
the output results of the simulation apparatus 1 will be described. First, the user sets the wavelength λ of the positioning
signal to the simulation apparatus 1. The wavelength may be accumulated in the storage unit 12, for example. If the
wavelength of the positioning signal is predetermined and does not change, the wavelength of the positioning signal
may be set in advance in the storage unit 12. Then, the user inputs the distance parameter D between the first position
and the second position, to the simulation apparatus 1. The distance parameter D is accepted by the accepting unit 11
and passed to the acquiring unit 13. The acquiring unit 13 acquires an image of two graphs serving as the boundaries
using the accepted distance parameter D, the wavelength λ set in advance, and Formulas (2) and (3) stored in the
storage unit 12, and passes the image to the output unit 14. The output unit 14 outputs the image of the two graphs
serving as the boundaries. The user who views the output graphs can know the smallest and largest values of the
distance L, for each received strength difference p. The user then determines whether or not it is possible to identify the
target position, using the output graphs serving as the boundaries. For example, in order to ensure that the position of
the terminal device 5 that is located farther than 120 cm in front of a vending machine is not incorrectly identified as
being within 120 cm in front of the vending machine, and that the position of the terminal device 5 that is located within
50 cm in front of the vending machine can be reliably identified, it is sufficient to confirm whether or not there is a received
strength difference at which the graph serving as the upper boundary has a value of 120 cm or less and the graph serving
as the lower boundary has a value of 50 cm or more in the output results of the output unit 14. If there is such a received
strength difference, it is seen that the identification of the target position of the terminal device 5 can be realized by
identifying the position of the terminal device 5 at a received strength difference that is greater than or equal to the
received strength difference, and thus it is sufficient that the first and second receiving unit sets 31 and 32 are arranged
according to the distance parameter at that point in time. On the other hand, if there is no such a received strength
difference, a different distance parameter D is input to the simulation apparatus 1, and similar processing is performed
until a result is output that can realize the identification of the target position of the terminal device 5.
[0067] The larger the distance parameter D, which is the distance between the first and second receiving unit sets 31
and 32 that receive the positioning signal, the more accurate the identification of the position becomes, and the smaller
the distance parameter D, the less accurate the identification of the position becomes. Accordingly, when a larger distance
parameter D is input, the gap from the smallest value to the largest value of the distance from the position of the terminal
device 5 to the first position for each strength difference, the distance being identifiable using the positioning signal,
becomes narrower. That is to say, the interference resistance is improved. On the other hand, if the distance parameter
D is increased, the distance (L+D) from the terminal device 5 to the second receiving unit set 32 increases, and the
accuracy of identification of the position using the positioning signal will correspondingly decrease. Accordingly, it is
preferable for the user to find a smaller distance parameter D that can realize the identification of a target position while
inputting various distance parameters D. It is assumed that the value of the distance parameter identified in this way
that can realize the identification of the target position of the terminal device 5 is D0.
[0068] After determining the distance parameter D0 using the simulation apparatus 1, for example, the identification
of a target position can be realized by arranging the first and second receiving unit sets 31 and 32 apart from each other
by the distance parameter D0 as in FIG. 3. However, it may be difficult to arrange the first and second receiving unit
sets 31 and 32 apart from each other by the distance D0. For example, if the distance parameter D0 is 200 cm and the
length of the casing in which the first and second receiving unit sets 31 and 32 are arranged is shorter than 200 cm, it
is not possible to arrange the first and second receiving unit sets 31 and 32 apart from each other by 200 cm in the
casing. Meanwhile, the use of shielding members for changing a propagation distance of the positioning signal makes
it possible to realize a received strength of the positioning signal that is similar to that when the first and second receiving
unit sets 31 and 32 are arranged apart from each other by the distance D0, in spite of the distance therebetween in real
space being shorter than the distance parameter D0. Accordingly, the use of shielding members has the effect of
extending the distance between the first and second receiving unit sets 31 and 32, allowing both a more compact
arrangement of the first and second receiving unit sets 31 and 32 and a more accurate detection of the position. As
described above, if the distance between the first and second receiving unit sets 31 and 32 is extended, the interference
resistance is improved, and thus the arrangement of the shielding members will also improve the interference resistance.
Hereinafter, a method for arranging the first and second receiving unit sets 31 and 32 and shielding members for such
a purpose, and a receiving apparatus having the first and second receiving unit sets 31 and 32 and the shielding members
arranged in such a manner will be described.
[0069] The arranging method may include: a step of arranging the first receiving unit set 31 including one or more first
receiving units that receive a positioning signal transmitted from the terminal device 5, at a first position; a step of
arranging the second receiving unit set 32 including one or more second receiving units that receive the positioning
signal, at a second position that is different from the first position; and a step of arranging a shielding member for changing
a propagation distance of the positioning signal such that a received strength of the positioning signal that is received
by the first and second receiving unit sets 31 and 32 matches a received strength of the positioning signal that is received
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by the first and second receiving unit sets 31 and 32 in a case in which the first and second receiving unit sets 31 and
32 are arranged in real space apart from each other by a predetermined distance D0 that is longer than a distance D1
between the first position and the second position. The position of the terminal device 5 is identified using the first and
second receiving unit sets 31 and 32 arranged in this manner.
[0070] FIG. 7 is a schematic diagram showing a receiving apparatus 3 including the first and second receiving unit
sets 31 and 32 arranged in such a manner, a first shielding member 41, a second shielding member 42, a planar shielding
member 43, an identifying unit 33, and an output unit 34. In FIG. 7, the first and second shielding members 41 and 42
are shown in cross-section such that the first and second receiving unit sets 31 and 32 inside are visible. In FIG. 7, the
broken arrows indicating the positioning signal that is received by the second receiving unit set 32 are not shown for the
sake of convenience.
[0071] The first and second receiving unit sets 31 and 32 are arranged apart from each other by a distance D1. That
is to say, in FIG. 7, the distance between the first position and the second position is D1. The distance D1 and the first
and second positions may be selected as appropriate according to the constraints in the environment where the first
and second receiving unit sets 31 and 32 are arranged. However, the distance D1 is shorter than the distance parameter
D0 determined as described above. The first receiving unit set 31 is arranged on the side of a first face 43a of the planar
shielding member 43, and the second receiving unit set 32 is arranged on the side of a second face 43b of the planar
shielding member 43. The second face 43b is a face that is different from the first face 43a.
[0072] The first shielding member 41 is arranged so as to surround the first receiving unit set 31. The first shielding
member 41 has an opening portion 41a. The first shielding member 41 may be, for example, in the shape of a box that
can accommodate the first receiving unit set 31. The shape of the first shielding member 41 may be, for example, cuboid
as shown in FIG. 7, spherical, cylindrical, or any other shape. In FIG. 7, the case is shown in which the opening portion
41a is located near the center of one of the six faces constituting the first shielding member 41 having a cuboid shape,
but one of the six faces of the first shielding member 41 having a cuboid shape may be open, for example.
[0073] The second shielding member 42 is arranged so as to surround the second receiving unit set 32. The second
shielding member 42 has an opening portion 42a. The second shielding member 42 is similar to the first shielding
member 41, except that the constituent element arranged inside is the second receiving unit set 32.
[0074] The first and second shielding members 41 and 42 are preferably arranged on the two sides of the planar
shielding member 43 respectively such that the vector from the center of the first receiving unit set 31 to the center of
the opening portion 41a and the vector from the center of the second receiving unit set 32 to the center of the opening
portion 42a are in different directions, for example. In particular, they are preferably arranged such that these vectors
are in opposite directions as shown in FIG. 7. This is because this arrangement allows a shorter distance D1 to realize
the same received strength as a longer distance D. The centers of the first and second receiving unit sets 31 and 32 or
the centers of the opening portions 41a and 42a may be their centers of gravity. The first and second shielding members
41 and 42 may be similar and symmetrically arranged, for example. In this case, similar identification of the position can
be realized even if either of the first and second receiving unit sets 31 and 32 is a receiving unit set on the near side of
the terminal device 5.
[0075] The planar shielding member 43 may be, for example, a flat shielding member, a curved shielding member, or
any other face-shape shielding member. The planar shielding member 43 may be, for example, a door, a room wall, a
wall of a device or equipment casing, or any other face-shaped member.
[0076] The first and second shielding members 41 and 42 and the planar shielding member 43 block the positioning
signal, and may be made of a material that does not transmit radio waves, for example. The material may, for example,
reflect the radio waves of the positioning signal or absorb the radio waves of the positioning signal. The material that
reflects radio waves may be, for example, a material that reflects 100% of the radio waves, or a material that reflects
the radio waves to a similar degree. The material that absorbs radio waves may be, for example, a material that absorbs
100% of the radio waves, or a material that absorbs the radio waves to a similar degree. The material that reflects radio
waves may be, for example, a metal. The material that absorbs radio waves may be, for example, an electromagnetic
wave absorber that absorbs radio waves and converts them into heat. The electromagnetic wave absorber may, for
example, contain a material with a high relative permittivity, such as water. A resin or other material mixed with conductive
material may be used as the shielding members. The first and second shielding members 41 and 42 and the planar
shielding member 43 may be used, for example, to make the propagation distance of radio waves reaching the first and
second receiving unit sets 31 and 32 longer by making the radio waves be transmitted around them. For example, in
FIG. 7, the radio waves of the positioning signal transmitted from the terminal device 5 bypass the planar shielding
member 43 and are transmitted via the opening portion 42a of the second shielding member 42 to reach the second
receiving unit set 32, and thus the propagation distance of radio waves from the terminal device 5 to the second receiving
unit set 32 is longer than L+D 1. In order to allow the radio waves to be transmitted around, for example, a reflector for
reflecting the radio waves may or may not be placed in real space. The propagation distance may be, for example, the
effective propagation distance. In this case, the effective propagation distance may be increased, for example, by placing
a material with a given refractive index (i.e., a material with a high refractive index) in the propagation path of the radio
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waves. The effective propagation distance may be the distance felt by the radio wave. If the first receiving unit set 31 is
a near-side receiving unit set, the second shielding member 42 and the planar shielding member 43 function as shielding
members for changing the propagation distance of radio waves from the terminal device 5 to the second receiving unit
set 32, and, if the second receiving unit set 32 is a near-side receiving unit set, the first shielding member 41 and the
planar shielding member 43 function as shielding members for changing the propagation distance of radio waves from
the terminal device 5 to the first receiving unit set 31. Since it is usually not known where the terminal device 5 is located,
the first and second shielding members 41 and 42 and the planar shielding member 43 can be said to be shielding
members for changing a propagation distance of the positioning signal transmitted from the terminal device 5.
[0077] The first and second shielding members 41 and 42 and the planar shielding member 43 are arranged such
that a received strength of the positioning signal that is received by the first and second receiving unit sets 31 and 32
respectively arranged at the first and second positions matches a received strength of the positioning signal that is
received by the first and second receiving unit sets 31 and 32 in a case in which the first and second receiving unit sets
31 and 32 are arranged in real space apart from each other by the predetermined distance D0. As described above, it
is assumed that the gap D1 between the first and second positions is shorter than the distance D0.
[0078] Hereinafter, a method for arranging the shielding members as described above will be described. First, the first
and second receiving unit sets 31 and 32 are arranged apart from each other by the distance D1, and the first and
second shielding members 41 and 42 and the planar shielding member 43 are arranged. In that situation, as shown in
FIG. 7, a positioning signal is transmitted from the terminal device 5 located at a distance L from the first position, that
is, the position of the first receiving unit set 31, and the received strength difference thereof is measured. This meas-
urement is repeated while changing the distance L. As a result, measurement results similar to the experimental values
indicated by the black circles in FIG. 4 can be acquired. Then, an interference parameter S and a distance D in Formula
(0) that fit the measurement results are identified. The identification may be performed using the least squares method,
for example. If the absolute value of the difference between the distance D identified in this manner and the distance
D0 becomes smaller than a predetermined tolerance, it can be determined that the shielding members are arranged
such that a received strength of the positioning signal that is received by the first and second receiving unit sets 31 and
32 matches a received strength of the positioning signal that is received by the first and second receiving unit sets 31
and 32 in a case in which the first and second receiving unit sets 31 and 32 are arranged in real space apart from each
other by the distance D0. Accordingly, the acquisition of the measurement results and the identification of the distance
D may be repeated while changing at least one of the shielding members of the first and second shielding members 41
and 42 and the planar shielding member 43 until the absolute value of the difference between the distance D identified
as described above and the distance D0 becomes smaller than a predetermined tolerance. It is preferable for the above
measurement to be performed in a situation where the number of scattering reflectors 7 is small. This is because if there
are many scattering reflectors 7, the fitting of the measurement results to Formula (0) will be poor. It will be appreciated
that the distance D may be identified by methods other than that described above.
[0079] When the terminal device 5 is at an arbitrary position, it is usually difficult to arrange the shielding members
such that a received strength at the first and second receiving unit sets 31 and 32 arranged apart from each other by
the distance D1 is similar to that at the first and second receiving unit sets 31 and 32 arranged apart from each other
by the distance D0. Accordingly, the above-described experiment may be performed in a situation where the terminal
device 5 is arranged in a detection area, which is an area where the position of the terminal device 5 is to be identified.
For example, if the receiving apparatus 3 is used in a vending machine or a door, for example, the detection area may
be the front side area of the vending machine or the front side area of the door. The change in the shielding members
may be, for example, a change in the thickness of the shielding members, a change in the size of the opening portions
41a and 42a of the first and second shielding members 41 and 42, a change in the material of the shielding members,
a change in the size or shape of the shielding members, or any other change related to the shielding members. The
measurement results may be acquired by experiment in real space or by simulation, for example.
[0080] The identifying unit 33 identifies the position of the terminal device 5 based on the strength difference of the
positioning signal received by each of the first receiving unit set 31 and the second receiving unit set 32. The position
of the terminal device 5 may be identified using a difference between a representative value of received strengths
acquired by one or more first receiving units 51 included in the first receiving unit set 31 and a representative value of
received strengths acquired by one or more second receiving units 52 included in the second receiving unit set 32, for
example. In identifying the position of a wave source using the received strength difference, an Apollonius circle according
to the received strength difference may be identified, and the position on or within the Apollonius circle may be identified.
The identified position may be indicated, for example, by a point position or a linear or areal position. The identification
of the position of a wave source using the received strength difference of radio waves is already known, and thus a
detailed description thereof has been omitted. For such a method of identifying the position of a wave source, see, for
example, Patent Document 1 above.
[0081] In the case in which the first and second receiving unit sets 31 and 32 are respectively arranged on the two
sides of the planar shielding member 43 as shown in FIG. 7, the identifying unit 33 can identify whether the terminal
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device 5 is located on the side of the first face 43a or on the side of the second face 43b of the planar shielding member
43 with higher accuracy. Accordingly, the identifying unit 33 may perform such identification. For example, the identifying
unit 33 may determine that the terminal device 5 is located on the side of a receiving unit set that received a positioning
signal with a greater received strength out of the received strengths of the positioning signal acquired by the first and
second receiving unit sets 31 and 32. For example, if the received strength of the positioning signal acquired by the first
receiving unit set 31 is greater than the received strength of the positioning signal acquired by the second receiving unit
set 32, it may be determined that the terminal device 5 is located on the side of the first receiving unit set 31, that is, on
the side of the first face 43a of the planar shielding member 43. If the side on which the terminal device 5 is located with
respect to the planar shielding member 43 can be identified in this manner, processing according to the side on which
the terminal device 5 is located can be performed. For example, when unlocking the door in response to the approach
of the terminal device 5, the door may be unlocked when the terminal device 5 is identified as being close to the outside
of the door and not unlocked when the terminal device 5 is identified as being close to the inside of the door. With this
configuration, for example, a situation is avoided in which the door is accidentally unlocked when a person with terminal
device 5 approaches near the inside of the door.
[0082] The output unit 34 outputs the position identified by the identifying unit 33. For example, if a threshold value
for the received strength difference is set, the output unit 34 may output the identified position in the case in which the
strength difference of the positioning signal received by the first and second receiving unit sets 31 and 32 is more than
the threshold value, and may not output the identified position in the case in which the strength difference is less than
the threshold value. In the case in which the strength difference matches the threshold value, for example, the identified
position may or may not be output. In the case in which the received strength difference is less than the threshold value,
the position may not be identified by the identifying unit 33 and, consequently, the position may not be output. The output
unit 34 may also output, for example, the received strength difference used to identify the position, together with the
identified position. In this case, the output may not be restricted according to the result of the comparison between the
reception strength difference and threshold value. Then, for example, an apparatus or the like that received them may
perform processing using the output position (i.e., processing of unlocking a door, etc.) in the case in which the received
strength difference is more than the threshold value, and may not perform processing using the output position in the
case in which the received strength difference is less than the threshold value. In the case in which the strength difference
matches the threshold value, for example, the processing using the position may or may not be performed. The output
may be, for example, display on a display, transmission to a given device via a communication line, printing on a printer,
accumulation in a recording medium, or delivery to another constituent element. The output unit 34 may or may not
include a device that provides output. The output unit 34 may be realized by hardware or software such as a driver that
drives such a device.
[0083] In the method of arranging the first and second receiving unit sets 31 and 32 and the shielding members, as
long as the first and second receiving unit sets 31 and 32 and the shielding members are arranged in such a way that
the purpose is eventually realized, the order in which they are arranged is not limited. For example, the first and second
receiving unit sets 31 and 32 may be arranged after the shielding member are arranged, or vice versa.
[0084] Although FIG. 7 shows the case in which the receiving apparatus 3 includes the first and second shielding
members 41 and 42 and the planar shielding member 43, the receiving apparatus 3 may include at least one of the first
and second shielding members 41 and 42 and the planar shielding member 43, for example.
[0085] FIGS. 8A and 8B are diagrams showing an example of the receiving apparatus 3 not including the first and
second shielding members 41 and 42. FIG. 8A is a view of a flat planar shielding member 43 serving as a door viewed
from the plane direction, and FIG. 8B is a view of the planar shielding member 43 serving as a door viewed from the
side of the first face 43a. It is assumed that the first face 43a is the outside of the door and the second face 43b is the
inside of the door. In FIGS. 8A and 8B, the identifying unit 33 and the output unit 34 are not shown. The first receiving
unit set 31 is located near the handle of the door, and the second receiving unit set 32 is located on the lower side of
the door. That is to say, the first receiving unit set 31 and the second receiving unit set 32 are arranged at different
positions in the plane direction of the planar shielding member 43. In this case, for example, the received strengths of
the positioning signal at the first and second receiving unit sets 31 and 32 may be adjusted to realize desired received
strengths by changing the distance of the first and second receiving unit sets 31 and 32 in the vertical direction. For
example, if a part of the planar shielding member 43 is provided with an area that transmits radio waves, the received
strengths of the positioning signal at the first and second receiving unit sets 31 and 32 may be adjusted to realize desired
received strengths by changing the position and size of the area.
[0086] Typically, a person having the terminal device 5 is likely to be holding the terminal device 5 in his/her hand or
putting it in a pocket of his/her clothes or a bag. Therefore, in the vertical direction, the distance between the terminal
device 5 and the first receiving unit set 31 becomes shorter and the distance between the terminal device 5 and the
second receiving unit set 32 becomes longer. Accordingly, when the person having the terminal device 5 approaches
the door from the side of the first face 43a, the first receiving unit set 31 functions as a near-side receiving unit set, and
the second receiving unit set 32 functions as a far-side receiving unit set, realizing more accurate identification of the
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position. When the person having the terminal device 5 approaches the door from the side of the second face 43b, the
presence of the planar shielding member 43 makes both the first and second receiving unit sets 31 and 32 far-side
receiving unit sets, reducing the accuracy of identification of the position, but this is not a particular problem as long as
unlocking of the door or the like is not performed when the terminal device 5 approaches the inside of the door, for example.
[0087] Meanwhile, since the first and second receiving unit sets 31 and 32 are respectively arranged on the two sides
of the planar shielding member 43, the identifying unit 33 can determine with high accuracy which side of the door the
terminal device 5 is located on. For example, the identifying unit 33 may determine that the terminal device 5 is located
on the side of the first face 43a in the case in which the received strength of the positioning signal at the first receiving
unit set 31 is greater than a predetermined first threshold value and the received strength difference of the positioning
signal between the first and second receiving unit sets 31 and 32 is greater than a predetermined second threshold
value, and may determine that the terminal device 5 is located on the side of the second face 43b in the case in which
the received strength of the positioning signal at the second receiving unit set 32 is greater than a predetermined third
threshold value and the received strength difference of the positioning signal between the first and second receiving unit
sets 31 and 32 is less than a predetermined fourth threshold value.
[0088] In the receiving apparatus 3 shown in FIGS. 8A and 8B, at least one of the first and second shielding members
41 and 42 may be provided. In FIGS. 8A and 8B, the second receiving unit set 32 is located on the lower side of the
door, but the second receiving unit set 32 may be located on the upper side of the door.
[0089] Furthermore, in FIGS. 8A and 8B, the case was described in which the first and second receiving unit sets 31
and 32 are respectively arranged on the two sides of the planar shielding member 43, but the first and second receiving
unit sets 31 and 32 may be arranged on one side of the planar shielding member 43. In this case as well, as in FIGS.
8A and 8B, the first and second receiving unit sets 31 and 32 may be arranged at different positions in the plane direction
of the planar shielding member 43. For example, the first receiving unit set 31 may be located near the handle of the
planar shielding member 43 serving as a door, and the second receiving unit set 32 may be located on the lower or
upper side of the planar shielding member 43 serving as a door. In this case, the shielding member does not have the
effect of extending the distance between the first and second receiving unit sets 31 and 32, but it is possible to identify
which side of the planar shielding member 43 the terminal device 5 is located on. Therefore, for example, if the first and
second receiving unit sets 31 and 32 are arranged on the outside of the planar shielding member 43 serving as a door,
for example, the position of the terminal device 5 that is located on the outside of the planar shielding member 43 may
be identified, and the position of the terminal device 5 that is located on the inside of the planar shielding member 43
may not be identified.
[0090] As described above, using the accepted distance parameter, the simulation apparatus 1 and the simulation
method according to this embodiment can acquire, for each accepted distance parameter, a relationship between the
received strength difference of the positioning signal between the first and second receiving unit sets 31 and 32 and the
smallest and largest values of the distance from the position of the terminal device 5 to the position of the first receiving
unit set 31, the distance being identifiable using the positioning signal, while taking into account interference caused by
multipath of the positioning signal. Accordingly, it is possible to identify, using the relationship, a distance parameter
suitable to perform identification of the target position.
[0091] Furthermore, the arranging method and the receiving apparatus 3 according to this embodiment can, using the
shielding members, identify the position of the terminal device 5 with the same accuracy as when the first and second
receiving unit sets 31 and 32 are arranged apart from each other by a distance that is longer than a distance therebetween
in real space. This makes the system more compact. In addition, the longer the distance between the first and second
receiving unit sets 31 and 32, the more the interference caused by multipath of the positioning signal the influence can
be reduced, and thus it is possible to realize more accurate position identification with improved interference resistance,
by arranging the shielding members. Since the first and second receiving unit sets 31 and 32 are respectively arranged
on the two sides of the planar shielding member 43, it is also possible to identify which side of the planar shielding
member 43 the terminal device 5 is located on.
[0092] In this embodiment, the case was described in which the receiving apparatus 3 includes the identifying unit 33
and the output unit 34, but there is no limitation to this. The receiving apparatus 3 may not include the identifying unit
33 or the output unit 34. In this case, the processing for identifying the position of the terminal device 5 using the received
strength difference of the positioning signal received by the first and second receiving unit sets 31 and 32 may be
performed by an external apparatus. Therefore, for example, the received strength difference of the positioning signal
received by the first and second receiving unit sets 31 and 32 may be output to the external apparatus.
[0093] Furthermore, the receiving apparatus 3 according to this embodiment may authenticate the terminal device 5
using a positioning signal or another signal transmitted together with the positioning signal. Then, if the terminal device
5 is determined as being legitimate through that authentication, predetermined processing may be performed.
[0094] Lastly, examples of apparatuses and systems in which the receiving apparatus 3 according to this embodiment
is implemented will be briefly described.
[0095] The receiving apparatus 3 may be incorporated into an automatic ticket gate, for example. If the position of the
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terminal device 5 identified by the receiving apparatus 3 is within a predetermined range and the terminal device 5 is
determined as being legitimate through authentication processing, the gate of the automatic ticket gate may open to
allow the user with the terminal device 5 to enter or exit the ticket gate. The user may also be charged when the user
enters or exits the ticket gate. In this manner, for example, the user can board a train and the like without operating a
smartphone or the like serving as the terminal device 5.
[0096] Furthermore, the receiving apparatus 3 may be incorporated into a door, for example. If the position of the
terminal device 5 identified by the receiving apparatus 3 is within a predetermined range and the terminal device 5 is
determined as being legitimate through authentication processing, the door may be automatically unlocked. In this
manner, for example, the user with the terminal device 5 can unlock the door without operating the terminal device 5.
This door may be, for example, the door to a home, the door to a hotel room, the door to the entrance of a workplace
or a conference room, or the like.
[0097] Furthermore, the receiving apparatus 3 may be incorporated into a wall, for example. If the position of the
terminal device 5 identified by the receiving apparatus 3 is within a predetermined range and the terminal device 5 is
determined as being legitimate through authentication processing, the electrical appliances and the like in the room on
the side where the terminal device 5 is located may be activated. In this manner, for example, the user with the terminal
device 5 can activate the electrical appliances and the like in the room without operating the terminal device 5.
[0098] Furthermore, the receiving apparatus 3 may be incorporated into a vending machine for drinks or the like, for
example. If the position of the terminal device 5 identified by the receiving apparatus 3 is within a predetermined range
and the terminal device 5 is determined as being legitimate through authentication processing, when the user with the
terminal device 5 operates a purchase button on the vending machine, the vending machine may provide the user with
a product such as a drink in accordance with the purchase button operated by the user. The user may also be charged
accordingly for the provision of the product. In this manner, for example, the user can purchase of a product from the
vending machine without operating a smartphone or the like serving as the terminal device 5.
[0099] Furthermore, the receiving apparatus 3 may be incorporated into a cash register in a store, for example. If the
position of the terminal device 5 identified by the receiving apparatus 3 is within a predetermined range and the terminal
device 5 is determined as being legitimate through authentication processing, when the user or a clerk operates the
payment button on the cash register, the cash register may charge the payment method (e.g., a credit card or electronic
money) associated with the terminal device 5 according to the purchase amount. In this manner, for example, the user
can purchase a product and the like at the store without operating a smartphone or the like serving as the terminal device 5.
[0100] Furthermore, the receiving apparatus 3 may be incorporated into an apparatus that requires identity authenti-
cation, such as a PC (Personal Computer) or an ATM (Automated Teller Machine), for example. If the position of the
terminal device 5 identified by the receiving apparatus 3 is within a predetermined range and the terminal device 5 is
determined as being legitimate through authentication processing, when the user operates an apparatus such as the
PC or the ATM, the apparatus may perform processing according to the user operation. In this manner, for example,
the user can authenticate his/her identity at an apparatus such as a PC or an ATM and operate that apparatus, without
entering a PIN or other information.
[0101] Furthermore, the receiving apparatus 3 can also be used in situations other than those described above. For
example, it may be used to authenticate users in car sharing, car rental, airplane boarding procedures, venues for
concerts, sports games, seminars, and other events, museums, theme parks, sports clubs, membership lounges, or the
like.
[0102] In the foregoing embodiment, the case was mainly described in which the simulation apparatus 1 is a stand-
alone apparatus, but the simulation apparatus 1 may be, a stand-alone apparatus or a server apparatus in a server-
client system. In the latter case, the accepting unit and the output unit may accept input or output information via a
communication line.
[0103] In the foregoing embodiment, the case was mainly described in which the positioning signal is radio waves,
but the positioning signal may be, for example, light such as infrared or visible light, or sound waves.
[0104] In the foregoing embodiment, each process or each function may be realized as centralized processing using
a single apparatus or a single system, or may be realized as distributed processing using multiple apparatuses or multiple
systems.
[0105] In the foregoing embodiment, information transmission performed between constituent elements may be such
that, for example, if two constituent elements for transmitting information are physically different from each other, the
transmission is performed by one of the constituent elements outputting the information and the other constituent element
accepting the information, or alternatively, if two constituent elements for transmitting information are physically the
same, the transmission is performed by shifting from a processing phase corresponding to one of the constituent elements
to a processing phase corresponding to the other constituent element.
[0106] In the foregoing embodiment, information related to the processing that is performed by each constituent
element, for example, information that is to be accepted, acquired, selected, generated, transmitted, or received by each
constituent element, information such as a threshold value, a numerical expression, or an address used by each con-
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stituent element in the processing and the like may be retained in an unshown recording medium temporarily or for a
long period of time even if not specified in the description above. Furthermore, the information may be accumulated in
the unshown recording medium by each constituent element or by an unshown accumulating unit. Furthermore, the
information may be read from the unshown recording medium by each constituent element or by an unshown reading unit.
[0107] In the foregoing embodiment, if information used by each constituent element or the like, for example, information
such as a threshold value, an address, or various setting values used by each constituent element in the processing
may be changed by a user, the user may be or may not be allowed to change such information as appropriate even if
not specified in the description above. If the user is allowed to change such information, the change may be realized
by, for example, an unshown accepting unit that accepts a change instruction from the user and an unshown changing
unit that changes information according to the change instruction. The unshown accepting unit may accept the change
instruction, for example, by accepting information from an input device, by receiving information transmitted via a com-
munication line, or by accepting information read from a predetermined recording medium.
[0108] In the foregoing embodiment, each constituent element may be configured by dedicated hardware, or alterna-
tively, constituent elements that can be realized by software may be realized by executing a program. For example,
each constituent element may be realized by a program execution unit such as a CPU reading and executing a software
program stored in a recording medium such as a hard disk or a semiconductor memory. At the time of executing the
program, the program execution unit may execute the program while accessing the storage unit or the recording medium.
The software that realizes the simulation apparatus 1 in the foregoing embodiment is a program as follows. That is, the
program is a program for causing a computer to execute: a step of accepting a distance parameter indicating a distance
in real space between a first position and a second position that is different from the first position, with respect to
identification of a position of a terminal device whose position is to be identified based on a strength difference of a
positioning signal that is transmitted from the terminal device and that is received by each of a first receiving unit set
arranged at the first position and including one or more first receiving units and a second receiving unit set arranged at
the second position and including one or more second receiving units; and a step of acquiring, using the distance
parameter, a relationship between the strength difference and smallest and largest values of a distance from the position
of the terminal device to the first position, the distance being identifiable using the positioning signal, while taking into
account interference caused by multipath of the positioning signal.
[0109] In the foregoing embodiment, a step of accepting information, a step of outputting information, a step of trans-
mitting and receiving information, and the like do not include at least processing that can only be performed by hardware,
such as processing that is performed by a communication device, an interface card, or the like in the step of accepting
information, for example.
[0110] Furthermore, this program may be executed by downloading from a server or the like, or may be executed by
reading a program stored in a predetermined recording medium (e.g., an optical disk such as a CD-ROM, a magnetic
disk, a semiconductor memory, etc.). Furthermore, the program may be used as a program for constituting a program
product.
[0111] Furthermore, a computer that executes the program may be a single computer or may be multiple computers.
That is to say, centralized processing may be performed, or distributed processing may be performed.
[0112] FIG. 9 is a schematic diagram showing an example of the external appearance of a computer that executes
the program described in this specification to realize the simulation apparatus 1 according to the foregoing embodiment.
The foregoing embodiment may be realized using computer hardware and a computer program executed thereon.
[0113] In FIG. 9, a computer system 900 includes a computer 901 including a CD-ROM drive 905, a keyboard 902, a
mouse 903, and a monitor 904.
[0114] FIG. 10 is a diagram showing the internal configuration of the computer system 900. In FIG. 10, the computer
901 includes, in addition to the CD-ROM drive 905, an MPU (Micro Processing Unit) 911, a ROM 912 in which a program
such as a boot up program is stored, a RAM 913 that is connected to the MPU 911 and is a memory in which a command
of an application program is temporarily stored and a temporary storage area is provided, a hard disk 914 in which an
application program, a system program, and data are stored, and a bus 915 that connects the MPU 911, the ROM 912,
and the like to each other. The computer 901 may further include a network card (not shown) that provides connection
to a LAN, a WAN, and the like.
[0115] The program for causing the computer system 900 to execute the functions of the simulation apparatus 1 in
the foregoing embodiment may be stored in a CD-ROM 921 that is inserted into the CD-ROM drive 905, and be transmitted
to the hard disk 914. Alternatively, the program may be transmitted via a network (not shown) to the computer 901 and
stored in the hard disk 914. At the time of execution, the program is loaded into the RAM 913. The program may be
loaded from the CD-ROM 921 or directly from a network. The program may be read into the computer system 900 via
other recording media (e.g., a DVD, etc.) instead of the CD-ROM 921.
[0116] The program does not necessarily have to include, for example, an operating system (OS) or a third party
program to cause the computer 901 to execute the functions of the simulation apparatus 1 in the foregoing embodiment.
The program may only include a command portion to call an appropriate function or module in a controlled mode and
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obtain desired results. The manner in which the computer system 900 operates is well known, and thus a detailed
description thereof has been omitted.
[0117] The present invention is not limited to the embodiment set forth herein. Various modifications are possible
within the scope of the present invention.

Industrial Applicability

[0118] As described above, the simulation apparatus, the receiving apparatus, the simulation method, the arranging
method, and the program according to an aspect of the present invention can be used, for example, to acquire a
relationship between a received strength difference of a positioning signal transmitted from a terminal device for use in
payment at a cash register, an automatic ticket gate, or the like, and the range in which the position of the terminal device
can be identified, and to realize more accurate identification of the position of the terminal device, with a compact
arrangement.

Claims

1. An arranging method comprising:

a step of arranging a first receiving unit set including one or more first receiving units that receive a positioning
signal transmitted from a terminal device whose position is to be identified, at a first position;
a step of arranging a second receiving unit set including one or more second receiving units that receive the
positioning signal, at a second position that is different from the first position; and
a step of arranging a shielding member for changing a propagation distance of the positioning signal such that
a received strength of the positioning signal that is received by the first and second receiving unit sets matches
a received strength of the positioning signal that is received by the first and second receiving unit sets in a case
in which the first and second receiving unit sets are arranged in real space apart from each other by a prede-
termined distance that is longer than a distance between the first position and the second position.

2. A simulation method comprising:

a step of accepting a distance parameter indicating a distance in real space between a first position and a
second position that is different from the first position, with respect to identification of a position of a terminal
device whose position is to be identified based on a strength difference of a positioning signal that is transmitted
from the terminal device and that is received by each of a first receiving unit set arranged at the first position
and including one or more first receiving units and a second receiving unit set arranged at the second position
and including one or more second receiving units; and
a step of acquiring, using the distance parameter, a relationship between the strength difference and smallest
and largest values of a distance from the position of the terminal device to the first position, the distance being
identifiable using the positioning signal, while taking into account interference caused by multipath of the posi-
tioning signal.

3. A simulation apparatus comprising:

an accepting unit that accepts a distance parameter indicating a distance in real space between a first position
and a second position that is different from the first position, with respect to identification of a position of a
terminal device whose position is to be identified based on a strength difference of a positioning signal that is
transmitted from the terminal device and that is received by each of a first receiving unit set arranged at the first
position and including one or more first receiving units and a second receiving unit set arranged at the second
position and including one or more second receiving units; and
an acquiring unit that acquires, using the distance parameter, a relationship between the strength difference
and smallest and largest values of a distance from the position of the terminal device to the first position, the
distance being identifiable using the positioning signal, while taking into account interference caused by multipath
of the positioning signal.

4. A receiving apparatus comprising:

a planar shielding member for changing a propagation distance of a positioning signal transmitted from a terminal
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device whose position is to be identified;
a first receiving unit set arranged on the side of a first face of the planar shielding member and including one
or more first receiving units that receive the positioning signal; and
a second receiving unit set arranged on the side of a second face that is different from the first face of the planar
shielding member and including one or more second receiving units that receive the positioning signal.

5. The receiving apparatus according to claim 4, further comprising:

a first shielding member arranged so as to surround the first receiving unit set; and
a second shielding member arranged so as to surround the second receiving unit set,
wherein the first and second shielding members each have an opening portion.

6. The receiving apparatus according to claim 4, wherein the first receiving unit set and the second receiving unit set
are arranged at different positions in a plane direction of the planar shielding member.

7. The receiving apparatus according to any one of claims 4 to 6, further comprising an identifying unit for identifying
the position of the terminal device based on a strength difference of the positioning signal received by each of the
first receiving unit set and the second receiving unit set.

8. A program for causing a computer to execute:

a step of accepting a distance parameter indicating a distance in real space between a first position and a
second position that is different from the first position, with respect to identification of a position of a terminal
device whose position is to be identified based on a strength difference of a positioning signal that is transmitted
from the terminal device and that is received by each of a first receiving unit set arranged at the first position
and including one or more first receiving units and a second receiving unit set arranged at the second position
and including one or more second receiving units; and
a step of acquiring, using the distance parameter, a relationship between the strength difference and smallest
and largest values of a distance from the position of the terminal device to the first position, the distance being
identifiable using the positioning signal, while taking into account interference caused by multipath of the posi-
tioning signal.
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